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Summary We investigated whether there is a cluster effect depending on localiza-
tion of seizure foci in patients with bilateral seizure foci. We evaluated 171 seizure
pairs from 193 seizures recorded in 28 patients. Seizure lateralization was determined
by the lateralization of ictal discharges; if the ictal EEG pattern was not lateralized,
lateralization was determined by clinical seizure semiology. The logarithm of the
interseizure interval (ISI) was significantly related to seizure concordance only in
patients with extratemporal seizure foci, but not in those with bitemporal foci. In the
former group, the mean ISI for concordant seizure pairs was significantly shorter than
that for discordant seizures pairs (292 min versus 631 min, p = 0.023). Seizure types
composing seizure pairs had a significant influence on ISI regardless of the localization
of seizure foci. ISIs were shortest in seizure pairs with only partial seizures. However,
types of seizure pairs were significantly related to concordance rates of seizure
lateralization only in patients with extratemporal foci ( p = 0.005). In conclusion, our
results suggest that the cluster effect on seizure localization exists in patients with
extratemporal seizure foci, but not in those with bitemporal foci.
# 2006 British Epilepsy Association. Published by Elsevier Ltd. All rights reserved.Introduction
In patients with medically intractable epilepsy,
long-term video-EEG monitoring has been used to
record seizures and to localize their origin.1 Long-
term monitoring can select good candidates for* Corresponding author. Tel.: +82 2 3010 3445;
fax: +82 2 474 4691.
E-mail address: salee@amc.seoul.kr (S.A. Lee).
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doi:10.1016/j.seizure.2006.08.001epilepsy surgery, as well as exclude poor candidates,
such as patients with bilateral independent seizure
foci. To determine whether multiple seizure foci are
present, several seizures should be recorded. In
addition to recording a sufficient number of sei-
zures, the effect of interseizure interval (ISI) on
seizure localization should be determined. Seizures
occurring after shorter ISIs have been reported to be
more likely to arise from the same origin than are
seizures with longer ISIs.2,3 This cluster effect was. Published by Elsevier Ltd. All rights reserved.
Effect of interseizure interval on seizure lateralization 577not observed, however, in a recent prospective
study.4 Reliably interpreting seizures with variable
ISIs has important clinical implications regarding the
localization of seizure origins.
Inconsistent results in past studies regarding
the existence of a cluster effect may be due to
differences in the types of patients recruited or to
heterogeneous patient populations within a parti-
cular study. Frontal lobe seizures have been char-
acterized as occurring many times a day and in
‘flurries’ with only brief ISIs, unlike seizures aris-
ing from the temporal lobe.5—8 Recently, a signifi-
cant association between extratemporal epilepsy
and seizure clustering has been reported.9 Since it
is likely that differences in patterns of seizure
recurrence depend on the foci from which the
seizures originate, we hypothesized that the
effect of ISI on seizure localization may be influ-
enced by the location of seizure foci. We there-
fore categorized patients by their localization
of seizure foci into bilateral temporal and bilat-
eral extratemporal seizure groups. We then
determined whether a cluster effect was present
in each group of patients with bilateral seizure
foci.Methods
Patient selection
We reviewed the epilepsy registry of 640 consecu-
tive patients with medically intractable epilepsy
who underwent scalp video-EEG monitoring for
presurgical evaluation from January 1996 to
December 2004 at Asan Medical Center. Based on
the results of scalp video-EEG monitoring, we
found 31 patients who had 3 or more recorded
seizures, with seizures arising independently from
the right and left hemispheres. Three patients
were excluded because their EEG digital files were
not open. Thus 28 patients were included in this
study; the video-EEG data of these patients were
investigated.
Patients were categorized into those with bilat-
eral temporal seizures and those with bilateral
extratemporal seizures based on the results of scalp
ictal EEGs. Patients were categorized as having
bilateral temporal seizures if at least one ictal
discharge each could be clearly localized indepen-
dently to the right and left temporal areas and were
not regionally localized to any extratemporal area.
Patients were categorized as having bilateral extra-
temporal seizures if they had bilateral independent
seizure foci but could not fit the criteria for the
bilateral temporal group.Seizure analysis
Scalp ictal EEGs were recorded using the interna-
tional 10—20 system plus bilateral sphenoidal and
inferior temporal electrodes. Anticonvulsants were
reduced or discontinued during video-EEG monitor-
ing in most patients. Ictal EEGs were analyzed using
a digital EEG system that allowed for reformatting
the data in any desired montage. To assess seizure
localization, all seizures were reviewed both clini-
cally and electrographically by two independent
investigators (Choi and Lee), and any disagreement
was resolved by consensus. We excluded seizures
occurring before the clinical or electrographical
features had returned to baseline after the previous
seizure.
Ictal EEGs were assessed on the basis of pre-
viously published criteria.10 Briefly, EEG seizure
onset was defined as the first unequivocal ictal
EEG pattern lasting at least 3 s. Lateralization of
ictal discharges was initially determined by unilat-
eral ictal onset pattern. A later significant pattern
was used for ictal discharge lateralization only when
there was no ictal onset pattern. The later signifi-
cant pattern was defined as the dominant ictal EEG
pattern after the first 10 s of seizure onset. Ictal
onset or later significant patterns were used for
lateralization only if they lasted >10 s.
The localization of ictal patterns was classified as
regionalized, lateralized, or non-lateralized. A
regionalized temporal ictal EEG was defined when
the amplitude in one temporal chain was at least
two times higher than the amplitude in the ipsilat-
eral parasagittal bipolar montages. A lateralized
ictal EEG was defined when the amplitude in the
referential montages of one hemisphere was at least
twice the amplitude in the contralateral hemi-
sphere.
Seizure lateralization was determined by the
lateralization of ictal discharges; if the ictal EEG
pattern was not lateralized, seizure lateralization
was determined by the clinical seizure semiology.
We used clinical lateralizing signs found to have a
greater than 90% lateralizing accuracy.11—14 These
included unilateral dystonic/tonic posturing, head
version just before secondary generalization or the
end of seizure, unilateral clonic movements, mouth
deviation, and ictal speech. Seizures were classified
as clinically lateralized if at least one of these
lateralizing signs could be identified. Seizures were
regarded as not lateralized if these ictal features
pointed to different sides or if none occurred.11,12
Each pair of consecutive seizures was classified as
‘concordant’ (both seizures originating in the same
hemisphere), ‘discordant’ (seizures originating in
opposite hemispheres), or ‘indeterminate’ (one or
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lated for each pair. The states of the patient at
seizure onset (awake or asleep) and secondary gen-
eralization (partial or secondarily generalized) were
also noted.
Statistical analysis
To determine the relationship between ISI and sei-
zure pair concordance, analysis of variance (ANOVA)
or Kruskal-Wallis nonparametric test was per-
formed. As the dependent variable, a logarithmic
transformation of the ISI was used for the former and
the raw data of the ISI was used for the latter. The
chi-square test was used to analyze the relationship
between seizure pair concordance and each cate-
gorical variable (e.g., patient state at seizure onset
and secondary generalization). Data were analyzed
using SPSS version 12.0. The significance level (p)
was set at 0.05.Results
General characteristics
We evaluated 171 seizure pairs from 193 seizures in
28 patients (19 men, 9 women), ranging in age from
12 to 61 years. Bilateral temporal localization was
present in 16 patients and bilateral extratemporal
localization was present in 12. Of the latter, 4 had
bilateral hemispheric, 5 had hemispheric/frontal,
and 1 each had bilateral occipital, frontal/temporal,
and hemispheric/parietooccipital localization. The
presence of independent bilateral seizure foci was
identified by the fifth seizure or earlier in 26 of 28
patients (92.9%). In the remaining two patients, theTable 1 Patient demographic and clinical characteristics
Bilateral tempor
group (n = 16)
Gender (M/F) 10/6
Age* (year, mean  S.D.) 37.6  12.9
Age at onsety (year, mean  S.D.) 24.8  18.0
Duration (year, mean  S.D.) 13.0  9.3
Seizures per patient (mean  S.D.) 7.3  3.5
Sequence number of the first
discordant seizure (mean  S.D.)
3.2  1.3
Total number of seizures 117
Lateralized seizures (%) 104 (88.9)
Secondary generalization* (%) 35 (29.9)
Nocturnal seizuresz (%) 31 (26.5)
* p < 0.001.
y p < 0.05.
z p < 0.01.first discordant seizure was identified by the seventh
and eighth seizures, respectively.
The demographic and clinical data of the 28
patients are summarized in Table 1. Age
(p < 0.001) and age at seizure onset ( p = 0.028)
were significantly lower in the bilateral extratem-
poral group than in the bilateral temporal group.
The number of seizures per patient and the
sequence number of the first discordant seizure
did not differ between the two groups. Seizures in
the bilateral extratemporal group were more sec-
ondarily generalized (69.7% versus 29.9%,
p < 0.001) and more frequently occurred during
sleep (44.7% versus 26.5%, p = 0.011) than those
in the bilateral temporal group (Table 1).
Of 193 seizures, 148 (76.7%) were lateralized by
EEG.Of the remaining45 seizureswithnonlateralized
EEG, 26 were additionally lateralized based on sei-
zure semiological features. So, 174 (90.2%) seizures
could be lateralized. Eighteen (64.5%) of 28 patients
and 35 (20.5%) of 171 seizure pairs had at least one
lateralized seizure determined by seizure semiology.
Of the 148 seizures with lateralized ictal discharges,
79 (53.4%) were concordant to their semiological
lateralization, 16 (10.8%) were discordant to semi-
ological lateralization, and53 (35.8%)were not later-
alized by semiological features (p < 0.001).
Of 171 seizure pairs, 82 (48.0%) were concordant
for seizure lateralization, 61 (35.7%) were discor-
dant, and the remaining 28 (16.4%) were indeter-
minate. Themean ISI of all seizure pairs was 461 min
(range, 5 min to 66.5 h). The concordance rates and
mean ISIs did not differ between the bilateral tem-
poral and extratemporal groups (Table 2). ANOVA
showed no significant association between the log10
of ISIs (LISI) and seizure concordance in the 28
patients.al Bilateral extratemporal
group (n = 12)
Total patients
(n = 28)
9/3 19/9
21.0  7.4 30.6  13.6
12.8  7.9 19.6  15.5
8.7  7.2 10.9  8.7
6.3  1.8 6.9  2.9
3.1  1.8 3.1  1.5
76 193
70 (92.1) 174 (90.2)
53 (69.7) 88 (45.6)
34 (44.7) 128 (66.3)
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Table 2 Clinical characteristics and interseizure intervals of seizure pairs
Seizure pairs
Bilateral temporal
(n = 101)
Bilateral extratemporal
(n = 70)
Total
(n = 171)
Lateralization of seizure pairs
Concordant (%) 51 (50.5) 31 (44.3) 82 (48.0)
Discordant (%) 32 (31.7) 29 (41.4) 61 (35.7)
Indeterminate (%) 18 (17.8) 10 (14.3) 28 (16.4)
Seizure types of seizure pairs *
Both partial (%) 63 (62.4) 16 (22.9) 79 (46.2)
Both generalized (%) 17 (16.8) 43 (61.4) 60 (35.1)
Partial and generalized (%) 21 (20.8) 11 (15.7) 32 (18.7)
State of patients at seizure onsety
Both awake (%) 61 (60.4) 26 (37.1) 87 (50.9)
Both asleep (%) 17 (16.8) 19 (27.1) 36 (21.1)
Awake and asleep (%) 23 (22.8) 25 (35.7) 48 (28.1)
ISI (min, mean  S.D.) 460  646 460  495 461  588
Logarithm of ISI (mean  S.D.) 2.3  0.6 2.4  0.4 2.4  0.6
* p < 0.05.
y p < 0.001.Analysis of the bilateral extratemporal
group
The mean ISI of seizure pairs was 460 min (range,
26 min to 39.3 h). ANOVA showed that LISI (p = 0.025)Table 3 Concordance of seizure pairs with location of bila
Seizure pair
Concordant
Bilateral extratemporal group
Number of seizure pairs 31
ISI (min, mean  S.D.) 292  256
Log10 of ISI
* (mean  S.D.) 2.3  0.4
ISI
<12 h (%) 28 (50.9)
>12 h (%) 3 (20.0)
Seizure types of seizure pairsy
Both partial (%) 10 (62.5)
Both generalized (%) 19 (44.2)
Partial and generalized (%) 2 (18.2)
Bilateral temporal group
Number of seizure pairs 51
ISI (min, mean  S.D.) 465  676
Log10 of ISI (mean  S.D.) 2.3  0.5
ISI
<12 h (%) 40 (50.0)
>12 h (%) 11 (52.4)
Seizure types of seizure pairs
Both partial (%) 35 (55.6)
Both generalized (%) 9 (52.9)
Partial and generalized (%) 7 (33.3)
ISI, interseizure interval.
* p < 0.05.
y p < 0.01.were significantly related to seizure concordance
(Table 3). ISIs for concordant seizure pairs were
significantly shorter than those for discordant seizure
pairs. The concordance rate was higher (50.9%) in
the 55 seizure pairs with ISI < 12 h than in the 15teral seizure foci
s
Discordant Indeterminate
29 10
631  654 489  425
2.5  0.4 2.5  0.4
20 (36.4) 7 (12.7)
9 (60.0) 3 (20.0)
2 (12.5) 4 (25.0)
22 (51.2) 2 (4.7)
5 (45.5) 4 (36.4)
32 18
410  596 535  672
2.1  0.7 2.4  0.5
26 (32.5) 14 (17.5)
6 (28.6) 4 (19.0)
18 (28.6) 10 (15.9)
5 (29.4) 3 (17.6)
9 (42.9) 5 (23.8)
580 E.J. Choi et al.seizure pairs with ISI > 12 h (50.9% versus 20.0%), but
the difference was not statistically significant
(p = 0.102).
ISIs and LISIs differed significantly depending on
seizure pair type (p < 0.001).Mean ISIs were 189 min
(S.D. 182 min) in the 16 pairs of partial seizures,
415 min (S.D. 380 min) in the 43 pairs of generalized
seizures, and 1031 min (S.D. 743 min) in the 7 pairs of
one partial and one generalized seizure. Consecutive
seizures were concordant in 62.5% of pairs of partial
seizures and 44.2% of pairs of generalized seizures,
comparedwith18.2%of pairs consisting of onepartial
and one generalized seizure (p = 0.005).
LISIs were significantly shorter while asleep than
while awake, but the state of the patient at seizure
onset (awake versus asleep) was not related to the
concordance rate of seizure lateralization.
Analysis of the bilateral temporal group
Concordance of seizure lateralization was not signif-
icantly related to LISI or ISI, patient state, or seizure
pair type. ISIs and LISIs, however, were significantly
related to seizure pair type (p < 0.01). ISIs were
331 min (S.D. 572 min) in the 63 pairs of partial
seizures, 527 min (S.D. 550 min) in the 17 seizure
pairs of generalized seizures, and 797 min (S.D.
810 min) in the 21 seizure pairs of one partial and
one generalized seizure (p = 0.014).Discussion
Although the effect of temporal distribution of sei-
zures on seizure localization has not been actively
investigated, it has been generally accepted that
clustered seizures are more likely to arise from the
same focus than are seizures widely separated in
time.2,3 This may be due to the increased irritability
of an epileptogenic focus occurring spontaneously or
as an aftereffect of the preceding seizure. Evidence
of a cluster effect has been reported, suggesting
that seizures with an ISI of<8 h may be considered a
cluster for the purposes of EEG monitoring.3 In
another study, however, the same group found no
evidence of a cluster effect, although this result
may have been due to the small number of patients
studied.4
We have shown here that the effect of ISI on
seizure localization in patients with bilateral seizure
foci may be influenced by the location of these foci.
We found that ISIs of concordant seizure pairs were
shorter than those of discordant pairs, but only in
patients with seizures occurring in the extratem-
poral lobes. This cluster effect, however, was not
evident in patients whose seizures originated in thebitemporal lobes. These differences may be due, at
least in part, to the different clinical manifestations
of seizures relative to the location and excitability
of seizure foci. For example, extratemporal lobe
seizures, especially frontal lobe seizures, occur
more frequently in clusters than do temporal lobe
seizures,5—9 consistent with our finding that the
cluster effect was evident in patients with extra-
temporal, but not bitemporal, lobe seizures.
We also found that seizure pair type had a sig-
nificant influence on ISIs, independent of the locali-
zation of seizure foci. ISIs were shortest in pairs of
partial seizures, intermediate in pairs of generalized
seizures, and longest in pairs consisting of one partial
and one generalized seizure. Seizure pair types,
however, were significantly related to concordance
rates of seizure lateralization only in patients with
bilateral extratemporal foci, and not in those with
bitemporal foci. In patients with extratemporal foci,
consecutive seizure concordance was greatest in
pairs of partial seizures, intermediate in pairs of
generalized seizures, and least in pairs consisting
of one partial and one generalized seizure. This
may have been due to the different abilities of
seizure foci to generate secondary generalization.
That is, one seizure focus may be more vulnerable to
increased irritability as an aftereffect of a preceding
seizure, and this increased irritability may cause a
cluster effect. Furthermore, these differences may
be more prominent in extratemporal compared with
bitemporal foci.
It has been suggested that seizures with an ISI of
<8 h may have a cluster effect on seizure localiza-
tion.3 In our patients, however, we did not find a
specific range of ISIs significantly related to the
cluster effect. Rather, our results suggest that the
cluster effect may not be robust, even in subgroups
of selected patients. When we divided seizure pairs
by ISI of 12 h, we found that the cluster effect was
segregated, although it was not statistically signifi-
cant. That is, in patients with extratemporal foci,
the concordance rate was 2.5 times higher in seizure
pairs with ISI <12 h than in seizure pairs with
ISI > 12 h.
Inmost patients, the presence of a second seizure
focus was demonstrated by the fifth seizure. It has
been estimated that 5 concordant seizures are
required to exclude, with a 95% confidence interval,
the origin of more than 10% of a patient’s seizures
from another focus.2 Others have suggested, how-
ever, that even more seizures are required to rule
out bilateral independent seizure foci.15
There are some limitations to this study. It did not
offer definitive proof that the presumed lateraliza-
tion of seizure foci provided by the scalp recordings
and seizure semiology was, in fact, the ‘‘correct
Effect of interseizure interval on seizure lateralization 581one’’ as data regarding the use of intracranial elec-
trodes were not provided.
In conclusion, our findings suggest that the clus-
ter effect on seizure localization may be influenced
by the location of bilateral seizure foci, with this
being evident in patients with extratemporal sei-
zure foci but not in those with bitemporal foci.
Therefore, seizure characteristics, including the
type of seizure and the location of the seizure focus,
should be considered when interpreting the locali-
zation of clustered seizures.References
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